Development of a dual-luciferase fusion gene as a sensitive marker for site-directed DNA repair strategies.
Several novel techniques have been developed recently for the site-specific repair of DNA as an approach to gene therapy. Correction efficiencies as high as 40% have been reported, well within the range of therapeutic impact for a number of genetic diseases. Unfortunately, many of the model systems in which these methods have been employed typically target genes that are not well suited for analyzing the various techniques. To address this, we have constructed and characterized a dual-luciferase fusion gene as a sensitive marker for optimizing repair strategies. The genes encoding two distinct luciferase proteins were fused so that expression of one luciferase necessitated expression of the other. Engineering a stop codon in the downstream luciferase gene created an ideal tool to study the efficiency of various site-directed DNA repair techniques as one luciferase can act as an internal control while the other is targeted for correction. Fusing two luciferase genes resulted in a single protein that produces two bioluminescent activities in a constant ratio. The utility of this system as a target for site-directed DNA repair research was demonstrated using two of the recently developed gene repair techniques, small fragment homologous replacement and oligonucleotide-mediated repair, to mediate correction and by the ability to detect repair efficiencies of less than 5 x 10(-6) (<1 event in 200000). The ability to rapidly and accurately quantify the amount of correction using the dual-luciferase fusion system will allow the comparison and evaluation of the many factors involved in successful gene repair and lead to the optimization of these techniques, both in cell culture and in whole animals.